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Abstract 
The use of information technology has been used to improve capability and success in teaching and learning environments. This 
case study has been carried out with a view to replying the question of how we can make the subject of integers, which students 
in  the  6th  grades  find  too  difficult  to  learn,  easier  and  more  permanent.  The  subject  of  Integers  is  one  of  the  most  difficult  
subjects that students have difficulty in grasping because they have only learnt natural numbers in Math. In general, when 
students come across a new number system, they have difficulty in learning it. Also, as they haven’t conceptualized the subject, 
they do not like the subject and cannot correlate the mathematical links. However, as teachers and mathematics educators, our 
duty is to make our students enjoy the subject of integers and ensure its retention. For this purpose, so as to eliminate the 
problems faced during the learning process, we have tried to conceptualize the subject by employing new software, Geogebra, by 
which we aim to provide a permanent learning for our students.  
 
The subject of integers has been taught with different methods to two homogeneous classes. One of the classes was taught with 
traditional teaching techniques, whereas the other was taught by Geogebra.  
 
In order to evaluate how much they understood the subject, a test has been applied immediately after the lesson. Two weeks later, 
a new test was applied to see how much of the subject they remembered. Thereafter, by comparing the results of both exams, the 
contributions and benefits of Geogebra in teaching Math have been analyzed. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
GeoGebra is free algebra, geometry and calculus software developed in the University of Cambridge Education 
Institute. This software which was awarded a number of awards such as EASA 2002: European Academic Software 
Award, Learnie Award 2003: Austrian Educational Software Award , Comenius 2004: German Educational Media 
Award Trophées du Libre 2005: International Free Software Award, category Education AECT Distinguished 
Development Award 2008: Association for Educational Communications and Technology (Orlando, USA) and 
NTLC Award 2010: National Technology Leadership Award 2010, has been used by several countries in their 
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education systems. This software, mainly designed for primary education level of students, was added into the 
curriculum by the National Education Ministry in order to teach terms in Geometry in the 8th graders  
The  most  important  reasons  for  the  software  to  be  applied  are;  they  enjoy the  support  of  many languages  and 
online lessons are available in these languages (Bijedic, N., & Hamulic, I. 2009). 
For this purpose, two websites have been implemented and put in use.  The site implemented by the GeoGebra 
Institute of Istanbul (whose members made Turkish translation of GeoGebra) intends to contribute to the Computer 
Assisted Mathematics Learning and enables students and   academicians share information and files. Volunteer 
educators are expected to support the site so that it  could carry out its intended functions. Another one is Ankara 
Geogebra Institute. These two institutes aim to make Geogebra known better and make it more common in Math 
teaching by translating it from English to Turkish (Penaloza, F., Mendoza, M., Gress, N., & Vargas, J. 2009). 
The purpose of this study is to show increase retention of knowledge and success with computer supported 
education. 
In this study, by using the samples prepared for the subject of integers, how the application of Geogebra, which is 
used as a computer supported math education tool, influenced the success of Turkish students is searched through a 
case study and the findings are presented.  
2. Case Study: Teaching The Subject Of Integers 
According to the Turkish education system, primary and secondary school teachers have to   prepare daily and 
yearly lesson plans. Yearly lesson plans are prepared by group chair regarding the curriculum stated by the National 
Ministry of Education. The daily lesson plans are prepared by class teachers and after confirmed by group chair they 
are applied. In order to prepare plans teachers can use various templates. Table 1 shows daily plan which is used in 
this study.  
Tablo 1: Template of daily lesson plan 
PART  1:           DATE : 
The name of the subject   Class   Time recommended   
The name of the unit:   
Topic to teach:   
PART: II 
9 Student Achievements / Goals  and Behaviors  
9 Unit concepts and symbols / Behavior pattern 
9 Security Measures (if exist)  
9 Teaching and Learning  methods and approaches  
The Education Technologies employed – Tools and equipments and Sources  
Teaching and learning Activities  
Summary:  
 
PART III 
Assessment and Evaluation 
  
The connection of the subject with other subjects.  
PART IV 
Explanations as to the application of the plan 
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2.1. Method 
The application has been implemented in five steps:  
1. Formation of classes for application    
2. Lecture  
3. Measure the level of learning  
4. Measure the retention of learning 
5. Evaluate the findings. 
2.2. Application 
1. Formation of Classes for Application: Regarding the success rates got in degree tests,  two homogenous 
classes each including totally 12 students, were formed.   
2. Lecture: The topic of integers was presented to both classes; by using presentation method to one and by using 
GeoGebra to another for 4 hours on March,2010. Topics was consist of Integers, Positive and Negative Integers, 
Addition and Subtraction with Integers. Lecture has been prepared regarding the daily lesson plan template 
presented in Table-1. Table 2 shows differencies between presentation method and Geogebra (in the daily lesson 
plan we use “A” for presentation method and “B” for GeoGebra).  
Tablo 2: Daily lesson plan differencies between teaching presentation method and Geogebra.  
DAILY 
LESSON PLAN A B 
 
 
Student 
Achievements / 
Goals  and 
Behaviors 
GOAL 1. Acquaint yourself with integers   
BEHAVIOURS  
1. Explain the integers  
2. Explain the meaning of Absolute Value  
3. Compares and orders the Integers  
x Remind them that “+” and  “–” signs put in 
front of the numbers are signs that shows the 
direction of the numbers.  
x It is explained that the union set of positive 
and negative integers with 0 is called 
integers set  and is shown with letter Z  
x The operations including the absolute value 
of integers cannot be done.  
x Emphasize that the absolute value of an 
integer is positive.  
x While arranging the integers, numerical axis 
model is used  
 
GOAL 2: The operations with  Integers  
BEHAVIOURS:  
1. Perform  addition and subtraction operations  
x The problems which require a-b and  a+(-b) 
operations are analyzed individually by comparing 
the acquired solutions, a-b= a+(-b)is reached.  
x The editing and combination features of 
addition are examined.  
That two integers the addition of which is 0 (zero) is 
emphasized to be the opposite of each other as to the 
addition operation. 
GOAL 1. Acquaint yourself with integers   
BEHAVIOURS  
1. Explain the integers  
2. Explain the meaning of Absolute Value  
3. Compares and orders the Integers  
x Remind them that “+” and  “–” signs put in front 
of the numbers are signs that shows the direction 
of the numbers.  
x It is explained that the union set of positive and 
negative integers with 0 is called integers set  
and is shown with letter Z  
x The operations including the absolute value of 
integers cannot be done.  
x Emphasize that the absolute value of an integer 
is positive.  
x While arranging the integers, numerical axis 
model is used  
 
GOAL 2: The operations with  Integers  
1. Do the addition and subtraction operations of Integers 
with Geogebra  
Explain the effect of the change on the numerical axis on 
the shape. 
Teaching and 
Learning  
methods  
A-Presentation method (Lecturing), TPR (Total 
Physical Response) , Question and Answer, Problem 
Solving  
B-Teaching with Geogebra, TPR (Total Physical 
Response) , Question and Answer, Problem Solving 
Tools and 
equipments and 
Sources  
 
A-Textbook (school book) , NEM(National Education 
Ministry) approved supplementary books, Ruler and 
Board  
 
B-Textbook, NEM (National Education Ministry) approved 
supplementary books, Geogebra, Computer lab, Projector  
Pre-prepared GeoGebra content published in web site. 
Subtraction with natural numbers: 
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http://www.emathforall.com/gg/student_tr/numberline/nu
m_nn2/index.html 
Addition and subtraction with natural numbers: 
http://www.emathforall.com/gg/student_tr/numberline/nu
m_nn4/index.html 
Subtraction with negative natural numbers: 
http://www.emathforall.com/gg/student_tr/numberline/nu
m_nn5/index.html 
Subtraction with integers: 
http://www.emathforall.com/gg/student_tr/numberline/nu
m_nn6/index.html 
Addition and subtraction with integers: 
http://www.emathforall.com/gg/student_tr/numberline/nu
m_nn7/index.html 
Summary:  
1-Learning Integers:  
Example:  
2- The Order of Integers  
Example:  
3. Addition with Integers  
Examples:  
4- Subtraction with Integers:  
Examples: 
 
During the lecture presented by using GeoGebra we have used the pre-prepared material in turkish included in
GeoGebra web  site. The web address is presented in the references section of the lesson plan.   
3. Measuring the Level of Learning: By the end of the lecture, in order to measure the level of learning, a
test including the following questions had been applied to both classes.     
QUESTIONS: 
1) (-15) + (-23) =? 
2) (+28) + (+54) =? 
3) (-58) + (+30) =? 
4) (+10) + (+18) + (+23) =? 
5) (-28) + (-18) + (-30) =? 
6) 3, -5, -7, 10, 0, 7 Arrange the numbers from big (large) to small 
7) (+28) - (+18) =? 
8) (+30) - (+15) - (+3) =? 
9) (+17) - (-17) - (+17) =? 
10) (-28) - (-35) =? 
4. Measuring the retention of learning: The lecture was given to both classes by different methods. Two
weeks after the teaching of the subject,  the exam, including the questions shown in Table-1, was applied to
both classes, in order to understand the retention of the subject and to determine the method that is better for
retaining the knowledge. Following questions had been applied to both classes. 
QUESTIONS: The questions of the second exam measuring retention of learning 
1) 7, 3, -2, 4, 9, -5, -3 Arrange the numbers from small to big  
2) (-38) - (-25) =? 
3) (+17) + (+21) + (+13) =? 
4) (+32) - (+14) - (+6) =? 
5) (+37) + (+25) =? 
6) (-23) + (-17) =? 
7) (-18) + (-17) + (-10) =? 
8) (-12) - (-13) - (+19) =? 
9) (+42) - (+21) =? 
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10) (-64) + (+21) =? 
5. Evaluation of Findings: In  this  step  we try  to  find  out  if  students  learned the  subject  or  not  and if  they  
learned it, what is the level of retention.  
The results taken after the application of the exams (the exams were applied just after the lessons and 15 days 
later) to both classes are shown in Table 3. 
 
Table 3: The results of two exams taken by the students of both classes 
Students taught with 
presentation Method 
Class A 
Exam Results  
Students taught with Computer 
Supported Education Method -
Geogebra  
Class B 
Exam Results 
 1. 2.  1. 2. 
Student-1 70 70 Student -13 90 80 
Student -2 100 60 Student -14 90 70 
Student -3 50 90 Student -15 90 90 
Student -4 40 40 Student -16 90 80 
Student -5 20 30 Student -17 80 90 
Student -6 50 90 Student -18 90 70 
Student -7 50 70 Student -19 90 90 
Student -8 40 60 Student -20 90 80 
Student -9 60 30 Student -21 100 100 
Student -10 50 60 Student -22 80 75 
Student -11 60 70 Student -23 90 100 
Student -12 40 60 Student -24 90 90 
 
The analysis of the results taken by the students of both classes can be seen in Table 4 and Table 5 respectively. 
 
Table: 4 The analysis of the results got by Class A 
The analysis of the results of the 1st exam The analysis of the results of the 2nd exam 
Range=80  Range= 60 
Mode=50  Mode= 60  
Median= 50 Median=60 
Mean  =53 Mean  = 60 
Standard Deviation = 6.1911/4219   Standard Deviation = 6.1911/4225   
 
As a result, in general, lecturing with Geogebra in which more sense organs are appealed to, better results are 
achieved.   
While some students got pretty good marks right after the lecturing of the subject by traditional teaching 
methods, some others got rather low marks in contrast.  We can conclude that some students take advantage from 
verbal teaching, whereas some others can’t. That is why there is a huge gap (discrepancy) between the scores of the 
students.  
In the exam taken two weeks later, students who revised the subject got higher scores while the students who got 
a high marks in the first exam but did not revise the subject got lower marks as they forgot the details That is to say, 
traditional teaching method did not prove to be permanent.  
While the average of the first exam was 53, at the end of the course of time the average went up to 60. That is, 
even if some time passes, the success may go up if studied. However, the success is not much high, here there is just 
a 7 points increase.  
As a result,  in presentation method the result was not as good as we had accepted. From this method, students 
with good verbal ability benefited a good deal.  
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Table 5: The analysis of the results taken by Class B 
The analysis of the results of the 1st exam  The analysis of the results of the 2nd exam 
Range=20 Range= 100-70=30 
Mode=90  Mode= 90  
Median = 90 Median =85 
Mean  = 89  Mean  = 85 
Standard Deviation = 1.511/292   Standard Deviation = 3.1011/1175    
 
The success is quite high in the exam taken just after the teaching of the subject with Geogebra, the average is 89 
for each student. However, some details (knowledge) were forgotten in the course of time and the average fell, 
though not sharply, 4 points to 85. Moreover, the range is rather heterogeneous in the second exam. This can be 
attributed to such factors as students’ not revising the subject and being unaware of the time of the exam. Yet, the 
results of both exams are quite good.  
Some students’ scores showed a slight decrease. This proves that students have to revise the subject, otherwise 
the learning will be forgotten considerably, if not completely. Some other students’ scores have gone up. This shows 
that students have revised the subject, thereby understanding the subject better and made it permanent, thus got a 
higher mark compared to the previous one.  
3. Evaluation 
We had formed two homogeneous groups for our application and had two parallel tests applied in two weeks’ 
time. The results obtained from these exams are shown in Table 1.  
As it can be seen, the success in learning by traditional teaching is not too high as desired. Most of the students 
failed to understand the subject at the desired level with traditional (conventional) teaching method because it 
appeals only to the ear (conventional teaching is merely audial.) Apart from this, the students are bored with 
conventional teaching and are easily distracted. However, the opposite is the case in teaching with Geogebra. The 
success is at a desired level. This is because Geogebra appeal more to their sense organs. Geobebra helped students 
conceptualize the operations in addition and subtraction.  The students having learned the integers with Geogebra 
proved to have a more permanent learning. A few more factors influenced the results of the exam which was done 
two weeks later. These are revising or not revising, individual studying, doing exercises or not, having the test 
unaware. Considering the results of the second exam, Geogebra, again, produced better results. On the other hand, 
there was a slight change in conventional teaching. This might be because some students revised the subject or did 
some exercises afterwards. Nevertheless, the success is not still at a desired level.   
Considering the standard deviation and the mean, it can be said that Class B had a more homogeneous structure, 
thus concluding that all the students had almost the same level of learning. The results are so close to each other and 
the standard deviation is considerably small. This shows us that the class is quite homogeneous. As for class A, the 
mean is significantly low yet the standard deviation is extremely big. Taking these two parameters into account, we 
can say that this class is heterogeneous. Teaching with presentation method led to this situation as the way of 
presentation can only enable students who learn only by listening to be successful. In teaching through the 
presentation method, this led to the lack of learning of students who uses other sense organs while learning. As a 
result, we can say that the teaching of integers only through the presentation method hinders a desired level of 
achievement. 
 
4. Conclusion 
It is quite obvious in educational sciences that we cannot ensure the full learning just by lecturing the subject. As 
this is totally a teacher-centered instruction, it cannot attract the attention of the students. According to Gagne, we 
have to attract the attention of the students first. For this we need materials that attract their attention. That Geogebra 
is a computer software and students are somewhat interested in computer makes our job easier.  
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As can be seen, the success of teaching with Geogebra is higher compared with that of conventional teaching. 
Naturally, there is another reason for that. We can attribute it to Gardner’s theory of multiple intelligences. There are 
8 different types of intelligence in the theory of multiple intelligences and Gardner states that a human being was 
born with all these types of intelligences but some are dominant.  
Starting this study, with the application of Geogebra, more intelligences of students are aimed to be reached at, 
thus success is to be higher. Besides, according to Edgar Dale's Cone of Experience, we remember 30 % of what we 
hear but remember % 80 of what we see, hear and utter. The results of our application indeed show exactly this.  
With Geogebra, students are more involved in the process and more sense organs are appealed to, thus higher 
success was achieved. Therefore we can say ‘Making more use of Geogebra in Mathematics teaching will be an 
important factor in an effective math teaching and a permanent learning’. Thus, we teach students to learn, not to 
memorize that is the true aim of education. 
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